One of the main constraints associated with recording sympathetic nerve activity (SNA) in both humans and experimental animals is that microvolt values reflect characteristics of the recording conditions and limit comparisons between different experimental groups. The nasopharyngeal response has been validated for normalizing renal SNA (RSNA) in conscious rabbits, and in humans muscle SNA is normalized to the maximum burst in the resting period. We compared these two methods of normalization to determine whether either could detect elevated RSNA in hypertensive rabbits compared with normotensive controls. We also tested whether either method eliminated differences based only on different recording conditions by separating RSNA of control (sham) rabbits into two groups with low or high microvolts. Hypertension was induced by 5 wk of renal clipping (2K1C), 3 wk of high-fat diet (HFD), or 3 mo infusion of a low dose of angiotensin (ANG II). Normalization to the nasopharyngeal response revealed RSNA that was 88, 51, and 34% greater in 2K1C, HFD, and ANG II rabbits, respectively, than shams (P Ͻ 0.05), but normalization to the maximum burst showed no differences. The RSNA baroreflex followed a similar pattern whether RSNA was expressed in microvolts or normalized. Both methods abolished the difference between low and high microvolt RSNA. These results suggest that maximum burst amplitude is a useful technique for minimizing differences between recording conditions but is unable to detect real differences between groups. We conclude that the nasopharyngeal reflex is the superior method for normalizing sympathetic recordings in conscious rabbits.
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NEW & NOTEWORTHY
Normalization of renal sympathetic nerve activity in conscious rabbits using maximum burst amplitude minimized differences in RSNA based on the recording conditions. However, it was unable to detect greater RSNA in hypertensive rabbits observed after normalization to the nasopharyngeal response. Thus, the method is not suitable for between-treatment comparisons.
THE IMPORTANCE OF THE SYMPATHETIC nervous system in a number of disease states is now well recognized, and direct recording of sympathetic nerve activity (SNA) is an important tool in both human studies and experimental animal models. In humans, muscle SNA has been directly measured both as multifiber and single-fiber recordings, with each method providing a different perspective on the role of SNA in different disease states (20, 25) . In multifiber preparations, both the burst size and frequency make important contributions to total SNA. Burst frequency reflects the rhythmic generation of discharges of individual neurons in the central nervous system, entrained to the cardiac cycle by the baroreceptors (26) . Burst size reflects the number and size of the action potentials of activated neurons but is strongly influenced by the conditions at the recording electrode, including the proximity of the electrode to the bundle (37) . Furthermore, studies in humans also require the electrode to be reinserted at each visit, making it difficult to compare estimates of burst size over time. Thus, valid comparisons cannot be made between subjects using burst amplitude, and, to avoid this problem, the most common method of quantifying SNA in human subjects remains counting the number of bursts over time or per 100 heart beats (37) . A number of groups have tried to address this issue by calibrating muscle SNA to the amplitude of the maximum burst occurring during the resting period, which is given the value 100 (19, 36) . However, it is unclear whether this technique is able to normalize recordings so that differences between subjects in different treatment groups can be detected.
In animal studies, it is possible to record from chronically implanted electrodes, and conscious recordings from multifiber sympathetic nerve preparations are now reported in a number of animal species (1, 3, 16, 17, 23) . A common method of analysis is to integrate nerve activity over time, providing a measure of discharge intensity (15) . However, as in human subjects, the considerable variation in levels of SNA occurring between animals, between treatment groups, and within animals studied on different days is dependent on the characteristics of the recording electrode. There may be differing numbers of nerve bundles placed in the electrode, altered impedance at the electrode due to growth of inflammatory tissue, fat, or infiltration of fluid and loss of nerve fibers (15) . A number of approaches have been used to address the need to separate the effect of electrode conditions on the level of SNA from the effect of a treatment or disease state. A commonly used technique is to scale all SNA as a percentage of the baseline SNA (3, 7, 17) . Another method has been to set 100 as the maximum level of SNA evoked by unloading the baroreceptors (9, 11) . However, use of this approach conceals changes that may occur to the maximum SNA due to the treatment, and neither of these methods allows for comparisons between SNA on different days or between different groups. We have previously examined the requirements for successfully normalizing SNA and found that the factor should eliminate the differences between animals due to the conditions at the recording electrode, be independent of the basal level of SNA, and be reproducible with time (6) . In conscious rabbits, normalization to the nasopharyngeal reflex, evoked by stimu-lation of trigeminal afferents by smoke, and which produces an increase in renal SNA (RSNA) that is close to maximum, satisfies these criteria (6) . The method has been used in a number of laboratories (2, 16) , and a similar technique has been reported in conscious rats in which RSNA was normalized to the maximal level evoked by 1,1-dimethyl-4-phenylpiperazinium, a short-acting nicotinic agonist that increases postganglionic firing (23) .
In the present study we compared the suitability of two methods of normalization, the nasopharyngeal response and the technique used in human studies of measuring the amplitude of the maximum burst, in determining RSNA in three A B Fig. 1 . Sections of record from one rabbit showing the method used for measuring the nasopharyngeal response (A) and the maximum burst (B). For each method, arterial pressure (top), raw renal sympathetic nerve activity (RSNA, middle), and integrated RSNA (bottom) are shown on 2 time scales [0 -10 s (left) and 0-2 s (right)]. The nasopharyngeal response was selected from the trace on the slower time scale (A, left, circled) and measured over 100 ms (A, right). The maximum burst was selected from the resting RSNA (B, left, circled) and measured at a single time point (B, right). groups of conscious rabbits with different forms of hypertension. We examined the effects of normalization on the RSNA baroreflex, and we also determined whether both methods would eliminate the difference between groups divided according to the level of microvolts recorded, reflecting the recording conditions.
MATERIALS AND METHODS
Animals. Experiments were conducted in 29 New Zealand White and 12 mixed-breed male rabbits (mean initial body wt 2.85 Ϯ 0.05 kg) and were approved in advance by the Alfred Medical Research Education Precinct Animal Ethics Committee and conducted in accordance with the Australian Code of Practice for Scientific Use of Animals. The rabbits were housed in individual cages under controlled light and temperature conditions. They received water ad libitum and were meal fed a normal pellet diet supplemented with vegetables. It should be noted that data from some of the rabbits have previously been published, but the current data have not been published.
Preliminary operations and protocol. Rabbits underwent up to three preliminary operations under isoflurane anesthesia (3% in 1 l/min oxygen; Abbott Australasia, Botany, NSW, Australia) following induction with propofol (10 mg/kg; Fresenius Kabi, Pymble, NSW, Australia). Carprofen (Rimadyl; Pfizer, West Ryde, NSW, Australia) was given before and 24 h after surgery for analgesia and as an anti-inflammatory. At least 2 wk were allowed for recovery between operations.
Group A: Renal clipping-induced hypertension. In the first operation, in mixed-breed rabbits, a radiotelemetry transmitter (model TA11PA-D70; Data Sciences International, St. Paul, MN) and catheter (150 mm long with 0.7-mm-diameter tip) were implanted in the aorta via a small branch of the left iliac artery (4). After recovery, baseline mean arterial pressure (MAP) and heart rate (HR) were measured in the laboratory and cage (22) . In the second operation, a renal artery clip was fitted to the right renal artery via a retroperitoneal incision (n ϭ 5). Another group of animals underwent a similar procedure, but the clip was removed immediately (sham-operated group, n ϭ 6). MAP was monitored daily in the home cage, and, if the average increase in MAP from baseline was Ͻ15% after 1 wk, the clip was replaced by a smaller one (n ϭ 2). Four weeks after clip or sham treatment, rabbits underwent the third operation in which a stainless steel recording electrode was implanted on the left renal nerve (10) .
Group B: Obesity-induced hypertension. The first operation in the New Zealand White rabbits was the implantation of a radiotelemetry transmitter and catheter (model TA11PA-D70; Data Sciences International). After recovery, baseline MAP and HR were measured in the laboratory. Rabbits were then placed on a high-fat diet (HFD; n ϭ 6, 13.3% fat, 3.34 kcal/g; Glen Forrest, Western Australia, Australia) or continued on the control diet (n ϭ 8, 4.2% fat, 2.63 kcal/g; Specialty Feeds) (32) . Two weeks later, rabbits were implanted with a renal nerve electrode connected to a radiotelemeter (model TR76S or TR46S; Telemetry Research, Auckland, New Zealand).
Group C: Low-dose ANG-induced hypertension. Baseline MAP and HR were measured before New Zealand White rabbits were implanted with an osmotic minipump (Alzet model 2ML4; Durect, Cuertino, CA) to deliver ANG II subcutaneously (initial dose 20 ng·kg Ϫ1 ·min Ϫ1 , n ϭ 7; Auspep, Tullamarine, Victoria, Australia) or a dummy minipump (n ϭ 6) (8). The pumps were implanted between the scapulas under local anesthetic and were changed after 26 days to ensure continuity of delivery. MAP was measured after 2, 4, 8, and 12 wk, and the dose was adjusted if MAP lay outside the required range of 10 -30% above baseline. The dose was increased in three rabbits, and the final average dose was 25 ng·kg Ϫ1 ·min Ϫ1 . After 11 wk treatment, a stainless steel electrode was implanted on the left renal nerve.
Experimental design. Six to 8 days (groups A and C) or 28 days (group B) after electrode implant, rabbits underwent a conscious experiment. Resting MAP, HR, and RSNA were recorded for 30 -60 min before RSNA, and HR baroreflexes were derived in duplicate from slow ramp rises and falls in MAP produced by intravenous infusions of 0.5 mg/ml of phenylephrine (25 g/kg) and 1 mg/ml of sodium nitroprusside (30 g/kg), respectively (5).
Measurement of blood pressure and RSNA. Resting MAP and HR were measured in conscious rabbits that were placed in a single rabbit holding box, and an indwelling 22-gauge catheter (BD Insyte; Singapore) was inserted under local anesthesia in the central ear artery. A lateral ear vein was also catheterized with a 24-gauge catheter (BD Insyte). After 30 min of recovery, pulsatile arterial pressure was measured with a Statham P23ID strain gauge pressure transducer (Statham, Hato Rey, Puerto Rico). In the case of rabbits implanted with a blood pressure telemetry transmitter (groups A and B), the telemetry signal was adjusted to match the ear artery signal, and this adjustment was applied to MAP measured in the home cage.
The raw RSNA signal was recorded either using a low-noise differential preamplifier and amplifier combination with bandwidth 50 Data are means Ϯ SE indicating between-animal variance in sham and 2K1C rabbits over 4 15-min periods; n, no. of rabbits. MAP, mean arterial pressure; RSNA, renal sympathetic nerve activity. P for comparison of sham with 2K1C.
Hz to 2 kHz (groups A and C; Baker IDI Heart and Diabetes Institute models 187b and 190), or the raw telemetric RSNA signal was detected by a receiver/amplifier with bandwidth 5 kHz (group B, model TR162; Telemetry Research). The signal was rectified and integrated using a 20-ms time constant to give total RSNA. The data acquisition program, written in the LabVIEW programming language (National instruments, Austin, TX), automatically measured the level of RSNA between the bursts, and this background noise level was set to zero throughout the recording period. The amplitude of each discharge was calculated from the voltage, which exceeded a threshold level set at the beginning of the experiment.
Data analysis. MAP and HR, derived from the pressure pulse, and RSNA were digitized at 500 Hz using an analog-to-digital data acquisition card (National Instruments 6024E) and averaged over 2 s using LabVIEW. Total RSNA and RSNA amplitude were scaled to 100 normalized units using two methods according to the equation
where RSNA max is either the value obtained from the maximum nasopharyngeal response or the maximum burst amplitude. The nasopharyngeal response was evoked by exposing the rabbit to cigarette smoke directed at the nares. The maximum response was determined from two exposures and measured using a 100-ms window ( Fig. 1 ) (6). The maximum burst amplitude was determined from any burst detected during the control period measured at a single time point (termed "maximum burst," Fig. 1 ). Any burst containing movement artifacts, which were readily detected in the arterial pressure trace, was excluded from consideration as the maximum. Resting total RSNA and RSNA burst amplitude, expressed in raw microvolts and normalized units using the two methods of normalization, were compared between sham and hypertensive rabbits in each treatment group. MAP and RSNA were fitted to a five-parameter sigmoid logistic function to produce MAP-RSNA baroreflex curves (34) , and the two methods of normalization were applied to the baroreflex data. RSNA data from sham rabbits were also divided into two groups, one with "low" microvolts and the other with "high" microvolts. The two methods of normalization were applied to determine whether either would eliminate this artificial difference between groups.
To determine the contribution of the conditions at the recording electrode with the results of normalization, we first examined the relationship between resting RSNA and both nasopharyngeal response and maximum burst. We have made the assumption that the maximum burst reflected the recording conditions and impedance of the electrode in each rabbit, so we adjusted the nasopharyngeal response by the amount that the maximum burst deviated from the mean relationship between the two factors. Thus we eliminated the effect of the recording conditions from the nasopharyngeal normalization. The remainder of the nasopharyngeal response therefore reflected just the differences between the treatment groups.
Resting values averaged over four consecutive 15-min periods are expressed as means Ϯ SE for each period. Data were analyzed by split-plot repeated-measures analysis of variance, which was a mixed model allowing for within-animal and between-animal (group) contrasts. Thus the P value of the main between-group effect of treatment to induce hypertension was calculated from the F ratio of the betweengroup sums of squares divided by the group ϫ animal sums of squares. The latter represents the residual between animal variance. Comparisons between data measured at a single time point (nasopharyngeal and maximum burst amplitude) were made using an unpaired 
t-test.
Correlation analysis was performed using a least-squares regression. A probability of P Ͻ 0.05 was considered significant.
RESULTS
Group A: Effect of normalization methods on RSNA in renal clipped rabbits. Baseline MAP and HR were 75 Ϯ 3 mmHg and 183 Ϯ 15 beats/min, respectively [n ϭ 5 before renal clipping (2K1C)]. After 5 wk of renal artery clipping, MAP was 102 Ϯ 2 mmHg, 22% greater than that of sham-clipped rabbits (P Ͻ 0.001), but HR was similar in the two groups. There were no detectable differences in the nasopharyngeal response and burst maximum between groups (Table 1) . Total RSNA expressed in microvolts was also indistinguishable in the sham and 2K1C groups (average 35.6 Ϯ 3.2 and 37.9 Ϯ 4.6 V, respectively; Table 2 and Fig. 2) . When normalized to the nasopharyngeal response, total RSNA in the 2K1C group was 88% greater than the sham group [F(1,8) ϭ 5.8, P ϭ 0.04; Fig.  2 ]. By contrast, we were unable to detect any difference between sham and 2K1C rabbits in total RSNA normalized to the maximum burst (Fig. 2) . Likewise, burst amplitude expressed in microvolts was not different in sham and 2K1C rabbits ( Table 2 and Fig. 3) , and normalizing to the nasopharyngeal response revealed a 65% greater level of RSNA in the 2K1C group [F(1,8) ϭ 10.7, P ϭ 0.01] but normalizing to the maximum burst did not (Fig. 3) . The MAP-RSNA (V) relationship was sigmoidal, and the curves were shifted to the right with the higher MAP in 2K1C rabbits (Fig. 4) . When normalized to the nasopharyngeal response, the RSNA baroreflex upper plateau, range, and lower plateau as well as the average gain were markedly greater in 2K1C than sham rabbits (81, 77, 102, and 99%, respectively; Fig. 4) . By contrast, when normalized to the maximum burst, the RSNA baroreflex in 2K1C rabbits was not different from that of the sham group (Fig. 4) .
Group B: Effect of normalization methods on RSNA in HFD-fed rabbits. Baseline MAP, HR, and body weight were 70 Ϯ 1 mmHg, 173 Ϯ 3 beats/min, and 3.1 Ϯ 0.1 kg, respectively (n ϭ 12). After 3 wk on a HFD, body weight increased by 22% compared with rabbits on a control diet in which weight did not change. MAP and HR increased by 17 and 9%, respectively, after 3 wk of HFD, but we did not observe any change in control rabbits ( Table 3 ). The nasopharyngeal response and the maximum amplitude were indistinguishable in the two groups (Table 1) . Total RSNA and burst amplitude, expressed in microvolts, were also not different in control and HFD-fed rabbits (Table 3) . However, after normalization to the nasopharyngeal response, total RSNA in the HFD-fed rabbits was 51% greater than in control-fed rabbits [F(1,10) ϭ 5.3, P ϭ 0.04; Fig. 2 ], whereas there was no significant difference in normalized amplitude between groups (Fig. 3) . There was also no observable difference between groups in total RSNA and burst amplitude when data were normalized to the maximum burst (Figs. 2 and 3) . In rabbits on a HFD, the RSNA (V) baroreflex was suppressed, but normalization with both the nasopharyngeal response and maxi- mum burst abolished the inhibition of the upper plateau, and the curves were shifted to the right with the elevated MAP (Fig. 4) . Group C: Effect of normalization methods on RSNA in rabbits treated with low-dose ANG. Baseline MAP and HR were 72 Ϯ 1 mmHg and 186 Ϯ 10 beats/min, and 69 Ϯ 1 mmHg and 178 Ϯ 9 beats/min in the sham and ANG II treatment groups, respectively (n ϭ 6 -7). Following 12 wk of ANG II treatment, MAP had increased by 25% (P Ͻ 0.001), whereas we observed no change in MAP in sham-treated rabbits (Table 4) . After 12 wk of treatment, we could not detect a difference in HR between the two groups (Table 4) . Total RSNA expressed in microvolts was 67% higher in the ANG II group compared with shams (Table 4) . This difference, although reduced, was preserved when total RSNA was normalized by the nasopharyngeal response [F(1,11) ϭ 5.2, P ϭ 0.04] but not when it was normalized by burst maximum (Fig. 2) . Similarly, burst amplitude expressed in microvolts and when normalized to the nasopharyngeal response tended to be higher in the ANG II than the sham-treated animals (P ϭ 0.09 and 0.08, respectively), but amplitude normalized to the maximum burst was not significantly different between the groups (Fig. 3) . The RSNA baroreflex was shifted to the right with the higher MAP, but neither method of normalization altered any other parameter in the ANG II-treated compared with sham-treated rabbits (Fig. 4) .
Effect of normalization methods on low or high RSNA microvolts.
Total RSNA values from sham-treated mixedbreed and New Zealand White rabbits in the three groups were compared, and there were no differences between groups [F(2,17) ϭ 0.3, P ϭ 0.7]. The values were then allocated to Data are means Ϯ SE indicating between-animal variance in sham and high-fat diet-fed rabbits over 4 15-min periods; n, no. of rabbits. P for comparison of sham with high-fat diet. either a low RSNA group (21.2 Ϯ 0.6 V, range 14.4 -25.3 V, n ϭ 10) or high RSNA group (50.8 Ϯ 1.9 V, range 27.8 -74.7 V, n ϭ 10, P Ͻ 0.001). Rabbits from each treatment group were evenly distributed between the low and high RSNA groups (2K1C n ϭ 3, HFD n ϭ 4, and ANG II n ϭ 3 in both low and high groups). When total RSNA data were normalized to the nasopharyngeal response, this artificial difference between groups was abolished (average 6.7 Ϯ 0.5 vs. 7.7 Ϯ 0.4 normalized units; Fig. 5 ). Normalizing to the maximum burst also abolished the difference (average 10.7 Ϯ 0.4 and 9.5 Ϯ 0.6 normalized units, respectively; Fig. 5 ). We observed a similar pattern when burst amplitude was separated into low and high levels of microvolts (76.1 Ϯ 3.9 and 167.1 Ϯ 10.0 V, respectively; Fig. 5 ). Normalization of burst amplitude to both the nasopharyngeal response and to the maximum burst removed the difference in microvolts (Fig. 5 ). There were no differences in MAP or HR between the two groups (Fig. 5) .
Relationships among resting RSNA, nasopharyngeal response, and maximum burst. There was a strong correlation between resting RSNA and both of the normalizing factors in all of the hypertensive groups (Fig. 6 ). There was also a strong relationship between the nasopharyngeal response and maximum burst (Fig. 7A) . The nasopharyngeal response was adjusted by the maximum burst (Fig. 7B) and then by the amount that the maximum burst deviated from the mean relationship between the two factors (Fig. 7C) . The average adjusted nasopharyngeal response was negative in the 2K1C and HFD groups (Ϫ117 Ϯ 31 and Ϫ105 Ϯ 36 V, respectively) and positive in the sham-treated rabbits (ϩ66 Ϯ 29 V; Fig. 7C ). 
Data are means Ϯ SE indicating between-animal variance in sham and ANG II-treated rabbits over 4 15-min periods; n, no. of rabbits. P for comparison of sham with ANG II. . RSNA from sham-treated rabbits recorded over 1 h under resting conditions with data separated into 2 groups according to whether total RSNA was "low" (21.2 Ϯ 0.6 V, n ϭ 10, open circles) or "high" (50.8 Ϯ 1.9 V, n ϭ 10, filled circles). Total RSNA (top) and RSNA burst amplitude (middle) were averaged over 15-min periods and expressed in V (left) and normalized to the nasopharyngeal response (middle) and the maximum burst amplitude (right). MAP and heart rate are shown on bottom. Error bars are SE indicating between-animal variance. ***P Ͻ 0.001 for comparison of data in the low V group with data in the high V group.
DISCUSSION
The present data demonstrate that normalization of RSNA, using the maximum burst amplitude at rest, abolishes the difference in RSNA resulting from the separation of the data based only on the level of microvolts. However, this method of normalization was unable to detect any differences in RSNA between control and hypertensive groups compared with normalization with the nasopharyngeal response. The latter method detected greater levels of RSNA in three groups of rabbits with hypertension induced by renal artery clipping (2K1C), 3 wk of HFD, and ANG II infused at a low dose for 3 mo. Thus normalization using the maximum burst is a useful technique for minimizing differences between recording conditions in conscious rabbits but is unable to identify real differences between groups.
In untreated rabbits, we separated the integrated RSNA data into two equal groups according to the level of microvolts. It was assumed that the apparent difference between the two groups was based only on the recording conditions and not an underlying physiology or treatment. Indeed, MAP and HR were similar in the two groups. Both methods of normalization were able to eliminate this artificial difference between groups, suggesting that both methods are able to compensate for the conditions at the electrode. The quantity and quality of chronically recorded SNA are dependent on the position of the electrode relative to the nerve and how many nerve bundles have been included in the electrode spiral. Infiltration of fluid and loss of nerve fibers contribute to a loss of signal. Growth of inflammatory tissue and the degree of insulation between the nerve and the electrode wire also have a role in determining the quality of the signal. Rabbits fed with a HFD for several weeks have a much greater mass of perirenal adipose tissue (32) and are likely to have more fat around the renal nerves than their sham counterparts.
In hypertensive rabbits, the effect on RSNA expressed in microvolts was different in each group. There were no detectable differences in RSNA between the 2K1C and HFD groups and their respective sham groups. Only in ANG II-treated rabbits were the microvolts greater than in shams. Normalizing to the nasopharyngeal response consistently produced elevated RSNA compared with the control rabbits, whereas normalization to the maximum burst did not. It has been difficult to detect greater SNA associated with hypertension in the various animal models of hypertension, and this is likely because of the need to use an appropriate method of normalization but also because of the baroreflex suppression of RSNA that occurs with prolonged marked blood pressure elevation (27, 29) . In studies of ANG II-induced hypertension we have only been able to reveal a greater role of the SNA by limiting the rise in blood pressure (28) , and others have only detected increased RSNA by including a salt load in the protocol (16) . However, increased norepinephrine spillover and greater burst frequency measurements in humans suggest that SNA is elevated in obesity-related, renovascular, and essential hypertension (12, 14) . Because these are indirect measures of total SNA, the possibility remains that total SNA is not elevated in hypertension. The effect of normalization on the RSNA baroreflexes using either method in hypertensive rabbits was similar. In particular, the apparent marked suppression of the curve in HFD-fed rabbits was abolished by normalization using both techniques, presumably for the reason that higher visceral fat provided greater insulation of the nerve from the recording electrode, contributing to a loss of signal.
To determine the effect of nasopharyngeal normalization in all of the hypertensive groups when the element of the electrode conditions was eliminated, we examined the relationships between the nasopharyngeal response, maximum burst amplitude, and resting RSNA. In all hypertensive groups, both nasopharyngeal response and maximum burst amplitude were strongly correlated with resting RSNA, and the nasopharyngeal response was strongly correlated to the maximum burst (Fig.  7A) . Normalization of the nasopharyngeal response using the maximum burst produced a relationship in which the average adjusted microvolts was negative in hypertensive 2K1C and HFD rabbits and positive in shams (Fig. 7C) . Because the formula for normalization includes the reciprocal of the nasopharyngeal response, RSNA in normalized units is greater in hypertensive rabbits than in shams. Thus, by adjusting the nasopharyngeal response for the size of the maximum burst (the electrode conditions), detection of the treatment effects (i.e., hypertension) was possible.
Although the response to nasopharyngeal stimulation is independent of the baroreceptors (31), burst amplitude is not. Wallin and colleagues noted that, in human subjects, the voltage associated with a burst was determined by changes in diastolic pressure (35, 37) . There is also a directional element in the relationship between the level of muscle SNA and the blood pressure such that, when blood pressure is decreasing, SNA is greater than when blood pressure is increasing (35) . Thus the maximum SNA is dependent on the direction of any blood pressure change as well as its level. In the rabbit, this may also explain why normalization to the maximum burst did not detect differences in RSNA in groups with differing arterial pressure while normalization to the baroreceptor-independent nasopharyngeal response did.
In humans, normalization of data to the maximum burst has been the convention since the 1970s and is useful as a means of comparing SNA within subjects. There is good reproduc- ibility of SNA voltages between repeated measurements that are associated with similar burst frequency and incidence (36) . However, the results of the present study suggest that this method, although it eliminated the influence of the recording conditions on RSNA, is not able to distinguish between hypertensive treatment groups. The nasopharyngeal reflex evoked by noxious vapors in rabbits and other laboratory animals corresponds to the diving reflex in water birds and mammals and is characterized by apnea and bradycardia as well as greatly elevated SNA, all of which override the normal homeostatic reflexes with the need to conserve oxygen (30) . In humans, a similar raft of responses occurs during apnea that can be potentiated by stimulation of facial cold receptors during water immersion (13) . Muscle SNA increased fourfold during facial immersion in water at a temperature of 20°C, and cool air to the face during apnea elicited a doubling of SNA (13) . Exposure to 10% hypoxia for up to 10 min also potentiated the muscle SNA increase to breath holding by 50% (21) . Whereas these are relatively small increases compared with an ϳ10-fold increase in RSNA during nasopharyngeal stimulation in rabbits, they represent possible alternatives to using the maximum burst as a means of normalizing SNA in human subjects to detect between-group differences. There is also the possibility that different normalization methods are required for different sympathetic outflows. Although RSNA is most commonly used in rabbits because of the easy accessibility of the renal nerves, lumbar SNA has also been recorded (33) . We conclude that normalization using the amplitude of the maximum burst at rest is a useful method for minimizing differences between recording conditions. However, it was unable to detect differences in RSNA between hypertensive and normotensive control groups that were revealed only by normalization using the nasopharyngeal response. We conclude that the nasopharyngeal reflex is the superior method for normalizing renal sympathetic nerve recordings in conscious rabbits. 
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